In this paper, CPW-Fed ultra wideband (UWB) planar monopole antenna (PMA) loaded by double elliptical split ring resonators (ESRRs) for double band-notch characteristics is introduced and examined. Two different ESRRs with different dimensions are printed in the antenna backside to notch two different frequencies. The ESRRs are also rotated and the corresponding return loss effect is examined. Different notch frequencies can be obtained by varying the ESRRs, dimensions. Two single SRRs are used to notch two frequencies instead of using dual SRR pairs. Two notch frequencies at 5.2 GHz and 6.9 GHz has been obtained to notch WLAN and C-band wireless applications, respectively. A directive radiation pattern in E-plane and omnidirectional radiation patterns in the H-plane could be observed. Also the gain is suppressed in the notch frequencies. The group delay is nearly stable in the UWB frequency range, except at the notch frequencies, which is distorted sharply. So, the proposed antenna is a good candidate for the modern UWB systems. Finite element method FEM and finite integration technique FIT are used to simulate the proposed structures through the usage of Ansys HFSS and CST MWS. Very good agreement between both results has been obtained.
Introduction
A leap in scientific research has occurred since February 2002, when the FCC issued a ruling that UWB could be used for data communications as well as for radar and safety applications [1] . The FCC allowed the frequency band between 3.1 and 10.6 GHz for Ultra-wideband transmission. Higher data rates, saturation of the frequency spectrum, low power consumption, etc. are some of the reasons why Ultrawideband has been of increased interest over the past years [2] . UWB system has features of low cost and low complexity as it based on baseband signal transmission. Sometimes, UWB planar antennas with frequency notch characteristics are designed to to suppress coexistence narrow-band systems and services like WLAN, WiMAX, c-, and x-band wireless systems [3, 4] . These frequency bands could be rejected with band stop filters, but this approach would increase the system complexity [5] . So it is necessary to design the UWB antenna with band notched characteristic with reduced complexity and cost. The band notch characteristics can be obtained through different slots in radiated patch [6] , fed line [7] , slots in ground [8] , and also parasitic patch [9] . Also a notch can be obtained using a quasi-complementary split ring resonator (CSRR) in fed line [10] [11] [12] [13] [14] [15] [16] or EBG structure etching on patch/ground plane [17] .
In this paper, CPW-Fed UWB planar monopole antenna loaded by two ESRRs for dual notch frequencies is introduced and examined. A single ESRR with specific dimensions is loaded in the antenna backside to stop single frequency instead of using a pair of SRRs as in [9] . Also dual notch frequencies could be obtained using dual SRRs instead of using dual SRR pairs, as in [18] . The ESRRs dimensions and/or positions are changed and the corresponding return loss effect is presented. Also the ESRRs are rotated and the resultant effect is stored. Different notch frequencies could be obtained through different ESRR dimensions. A 5.2 GHz and 6.9 GHz notch frequencies can be obtained using two different ESRRs, to reject WLAN [19] and C-band wireless systems [20] , respectively. A directive radiation pattern in Eplane and nearly omnidirectional pattern in H-plane are obtained. Also the gain is suppressed in the notch frequencies. The group delay is nearly stable in the UWB frequency range, except at the notch frequencies, which is distorted sharply. FEM and FIT are utilized to simulate the proposed antenna structure using Ansys HFSS [21] , and CST MWS [22] respectively.
Antenna design
The proposed UWB antenna configuration is shown in Fig.  1 -a. The proposed antenna is printed on duriod dielectric substrate having thickness of 1.6mm and relative permittivity 2.2. The elliptical monopole antenna having major radius r and r a is the ratio of minor to major radii. The antenna is fed with a coplanar waveguide. The ground planes widths are W 1 and W 2 , and their length is L s . The microstrip line width is S .The slots between the ground planes and signal line have width S g . Table 1 shows the design parameters used for the prototype. Figure 1 -b shows the ESRR structure. It consists of two elliptical rings with major radius a, the ratio between minor and major axis is r s , the metal width is c and the spacing between the two rings is d. there are two gaps g 1 and g 2 .
Results and discussions
The effect of ESRR dimensions on its resonant frequency is shown in Fig. 2 . A lot of dimension combinations are tested to investigate their effects. Some of these cases and the resultant resonant frequency are shown in table 2. As shown, by adjusting the ESRR dimensions, any notch frequency can be obtained through the entire UWB frequency band. 
Single Band-Notched UWB Antenna Results and Discussion
To design UWB antenna with single notch frequency, single ESRR is placed on the antenna backside. This notch frequency can be determined by the SRR geometrical dimensions. The antenna structure with ESRR loading is shown in Fig. 3 . In the beginning, only single ESRR is printed on the antenna backside. Figures 4 and 5 show the return loss versus frequency using two different cases from table 2. Also the ESRR position effect is studied. Table 3 and  Table 4 shows the different ESRR2 and ESRR4 positions respectively. Figure 4 shows the loading effect of ESRR2 on the return loss at different ESRR2 positions. A notch frequency at 6.9 GHz is obtained when ESRR2 placed at position 2. A notch frequency at 5.1 GHz is obtained when ESRR4 is placed at position 1 on the UWB antenna as shown in Fig. 5 . Table 5 shows the different position combinations of the two ESRRs. Figure 6 shows the return loss versus frequency for these combinations. As shown in Fig. 6 , by loading the antenna with two different ESRRs two different notch frequencies can be obtained. The notch frequencies of each ESRRs is shifted compared to the single ESRR cases. This is done due to the mutual coupling effect between the two ESRRs. Figure 4 : Simulated S11 characteristics of the UWB antenna with ESRR2 only using HFSS. Table 4 : Different ESRR4 positions Figure 5 : Simulated S11 characteristics of the UWB antenna with ESRR4 only using HFSS. Figure 7 shows the UWB antenna with two rotated ESRRs. The two ESRRs are rotated and the S 11 results is also recorded in Fig 8. As shown in Figure 8 rotating the ESRRs increases or decreases the coupling between them and hence changes the resultant notch frequencies. ESRR4 with rotational angle θ 1 and ESRR2 with rotational angle θ 2 are placed symmetrical at antenna backside as shown in Figure 7 . ESRR4 is rotated clockwise direction and ESRR2 is rotated anticlockwise direction. The effect of changing two rotational angle θ 1 , θ 2 of Elliptical SRRs on the notch frequency is shown in figure 8 and we note that when the two angles changed by the same degree but in opposite directions and there is 180˚ phase shift between them the notch frequency almost does not change. Figure 9 shows the comparison between HFSS and CST simulated S 11 results. Very good agreement has been obtained between them. Figure 10 shows the different radiation pattern planes at different frequencies 4, 6, and 10 GHz for the proposed antenna with ESRR2 and ESRR4 at rotational angles θ 1 and θ 2 respectively. From figure, it is clear that the pattern is directive in the E-plane and omnidirectional pattern in the Hplane which makes it a good candidate for UWB devices. Figure 11 shows the peak gain of the proposed antenna. The simulated peak gain ranges from 1.5 to 5 dB throughout the whole UWB frequency band, except double stopband in the case of loading ESRR2 and ESRR4. As discussed above, the gain is suppressed in the notch frequencies. Thus, the peak gain decreases sharply at 5.2 GHz and 6.9 GHz, which clearly indicates the dual band rejection functions of the proposed antenna. High radiation efficiency for the antenna is the main required parameter in UWB system, which means that all type of losses, including dielectric and return loss should be kept very low. The proposed antenna structure offers high radiation efficiency of more than 95% throughout the working band as shown in Fig.11 . The antenna radiation efficiency significantly decreases over these two bandnotched frequencies. The group delay is shown in Fig. 12 .
Double ESRRs Rotation effect
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The group delay is almost stable across the operating band, but at the notch frequencies 5.2 and 6.9GHz the group delay has very sharp changes. 
Conclusion
The design of CPW UWB elliptical planar monopole antenna loaded with elliptical split ring resonators (ESRRs) to obtain frequency notch characteristics is proposed. Notch frequency can be obtained by the electromagnetic coupling of the ESRR with the CPW. Single ESRR is loaded in the antenna backside for single notch frequency. By loading two different ESRRs in the antenna backside, two different notch frequencies can be obtained. ESRR dimensions can be adapted to resonate in any frequency along the UWB frequency band. The ESRR dimensions and position effect on the notch frequency is investigated. The proposed antenna loaded double ESRRs (ESRR2, ESRR4) with rotational angles θ 1 and θ 2 respectively yields directive pattern in the E-plane and omnidirectional pattern in H-plane. Also in both cases the gain is suppressed in the notch frequencies. FEM and FIT are used simulate the proposed antenna structure through HFSS and CST MWS respectively. A prototype of the proposed antenna is fabricated and the return loss is measured and compared to the simulated S 11 results. Very good agreement between them has been obtained. The group delay is nearly stable in the UWB frequency range, except at the notch frequencies, which is distorted sharply. So, the proposed antenna is a good candidate for the modern UWB systems.
